Atmospheric fog plays some role in the production of symptoms in chronic bronchitis, but hitherto the blame has rested with pollutants rather than with the water droplet content itself. An investigation of the effects of an artificial water-containing fog at room temperature on the F.E.V.1.0 of seven patients with chronic bronchitis showed a significant reduction (mean 17-9%) as compared with a minimal or absent effect in seven out of eight normal subjects. The effect tended to persist in sensitive subjects but could be reversed by a bronchodilator. Additional experiments measuring airways resistance, total pulmonary resistance, and static and dynamic compliance tended to support the hypothesis that the fog effect is due to reflex bronchoconstriction. I suggest that water droplets, each having a finite momentum, initiate the reflex in the same manner as dust particles. Although these experiments were confined to large doses inhaled for brief intervals, it is possible that the presence of water droplets alone would increase the morbidity from atmospheric fog. Epidemiological studies on the effects of fog should include direct measurement of the water droplet content. Therapeutic aerosols might also produce this adverse effect.
Many patients with chronic chest disease complain of aggravation of their symptoms of breathlessness caused by atmospheric fog and mist. Furthermore, personal experience in London during the severe fog of December 1962 indicated that many of these patients became acutely wheezy within hours of the onset of the fog. The factors thought to contribute to such dramatic episodes occurring in London have been studied by Boyd (1960) by means of bronchitis mortality figures. He found the strongest correlation of mortality with temperature and absolute humidity (both negatively correlated) followed by sulphur dioxide and smoke levels, in that order (both positively correlated), and little or no correlation with visibility. In fact, the influence of S02 and smoke was limited mainly to temperatures below 0°C.
Nevertheless, the rapid onset and short latency of exacerbations of bronchitis under foggy conditions suggest a direct physicochemical action of some component of fog on the respiratory tract. The roles of SO2 and of smoke have received considerable attention in this respect to the exclusion of the possible effects of the water droplet cloud itself. This paper, therefore, is concerned with the effect of a pure water-containing fog on normal subjects and on patients with chronic chest disease, as assessed chiefly by the F.E.V.1.5. 
METHODS
The fog was prepared from distilled water according to the method of McKerrow (1959) . A stream of air cooled to approximately -20°C. is passed into a mixing chamber (a polyethylene bag) into which is injected a stream of steam. As a result, a visible cloud of fine water droplets is formed.
In order to eliminate the known effects of cold air per se on the subject (Wells, Walker, and Hickler, 1960) , the mixture was passed through a heat exchanger to bring the temperature up to ambient levels (23°-25' C.). All experiments were performed under standard conditions of air flow (30 I./min.) and steam input, so that a reasonably constant density of fog, as judged by eye, was obtained. The total water content of the mixture, measured by the change of weight imparted to a drying agent (silica gel) by a known volume of fog, lay between 10 and 20 mg./ litre. As the absorption of water vapour was not taken into account these figures would overestimate the true content of water in droplet form. Attempts to estimate particle size were not successful because of difficulty in obtaining an image of the droplets on a glass slide.
The age and sex of subjects for the experiment described here are shown in Table I . There were both normal and abnormal subjects, some of whom participated in more than one of the three types of experiment. Apart from certain criteria described below for selecting the abnormal subjects, the factor that determined a possible subject's selection for a particular experiment was his availability at that time. 421 In the normal subjects a blank experiment, i.e., breathing air from the apparatus instead of fog, was performed several weeks after the fog experiment. In eight patients, on the other hand, two Latin square trials were arranged so that four patients received four different 'treatments' at four times on the same day. The treatments, each of which was delivered to the patient through the apparatus, were (a) fog, (b) compressed air, (c) air moistened with steam, and (d) cold air (50 C.). The interval between treatments was two to three hours.
Airways resistance (A.W.R.) was measured in some normal subjects before and after fog in a second series of experiments by means of the body plethysmograph (DuBois, Botelho, and Comroe, 1956) . The recorded A.W.R. was the mean of five consecutive measurements.
In a third series, using both normal and abnormal subjects, static compliance, dynamic compliance, and pulmonary flow resistance were measured before and after fog by using an oesophageal balloon to estimate transpulmonary pressure and a spirometer to measure volume changes. For measuring static compliance an interrupter valve proximal to the spirometer gave the pressure at zero flow, and from a pressure-volume plot of the full range of, for example, inspiration the slope of the central linear portion of the curve furnished the inspiratory compliance. Expiratory compliance was obtained similarly, the recorded value being the mean of three 'runs' in each case. For the other measurements the subject was asked to breathe quietly at some fixed mean level close to functional residual capacity. The pressure-volume relationships at the maxima and minima of the volume trace yielded the dynamic inspiratory and expiratory compliance respectively. Pulmonary resistance was calculated from the slope of the volume trace, i.e., the flow, and pressure at mid-tidal volume. The values recorded for pulmonary resistance and dynamic compliance were the means of 10 consecutive respiratory cycles.
No attempt was made to exclude possible psychological influences of fog breathing because of the difficulty in disguising this mixture. However, care was taken to avoid suggesting that a particular effect might accrue from the inhalation.
RESULTS
In Table II are shown the changes in the F.ENV.I. of normal subjects after breathing air (through the apparatus) and after breathing fog. On average, fog produced a slight reduction of F.E.V.1.,, but this change was not significant when compared with the results of the control experiment. Only one subject (N6) showed a considerable fall (22%) after fog. This man was in his late forties and, although a moderate smoker, gave no history suggestive of chronic bronchitis.
The effects of fog on the F.E.V.1., in the seven patients of the first series of experiments are F.E.V.1., some 17 minutes after the first of two doses of fog. A similar prolongation of the effect was seen in four patients (Fig. 3) . In these subjects inhalation of Neb. Adrenaline et Atropine Co. B.P.C. produced an immediate reversal of the depression of the F.E.V.1.,,.
In seven normal subjects A.W.R. measured after fog inhalation for 10-20 minutes showed no significant change except in subject N6 described above, whose A.W.R. increased five-fold from 0-82 to 4-36 cm. H20/l./sec. (Table V) . In some subjects the sequence of five post-fog measurements (see METHODS) showed an initial increase in A.W.R. followed by a rapid decay to the control level suggestive of a transient effect.
The results for the oesophageal pressurespirometer experiments were as follows (Table  VI) . In three out of four normal subjects pulmonary flow resistance increased after fog, and in five patients there was a marked increase in one, a slight increase in three, and a slight How much fog is vapourized, or indeed warmed, before reaching the terminal airways is another question and would depend on the efficiency of the heat exchange mechanism, on the degree of turbulence, and the rate of airflow and temperature gradients under these dynamic conditions, as well as on particle size and stability. Ingelstedt (1956) has established that in normal subjects inspired air is saturated and warmed to within a degree or two of 370 C. by the time it reaches the larynx. Fog droplets at a temperature lower than that of the mucosa will tend to be resistant to evaporation. It is possible, nevertheless, that under the influence of such an efficient heat exchange system, given the potentially large surface area of fog water droplets, some or all the fog will have been vapourized by the time the lower respiratory tract is reached. This conjecture, however, does not take into account the fact that mouth breathing, as in the fog experiment, might reduce the efficiency of the heat exchange mechanism.
I think that the most likely mode of action of fog water droplets is stimulation of receptors in the respiratory tract in the same manner as dust particles, producing in turn a reflex bronchoconstriction. Indeed, if an appreciable momentum on impact was the adequate stimulus for such receptors then water droplets would be physiologically indistinguishable from foreign particles. Receptors which respond to mechanical stimulation and to dust particles have already been described in man and experimental animals, and there is evidence for their presence in the larynx as well as in the lower respiratory tract (Widdicombe, 1963 Finally, the effect of inhalation of a cloud of water droplets on sensitive subjects suggests the need for investigation of such an effect in therapeutic aerosols employing water as if it were a bland carrier.
